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Abstract
Ambulance diversion, where emergency departments (ED) are temporarily closed to ambulance 
traffic, is an important system-level interruption that causes delays in treatment and potentially 
decreased quality of care. There is little empirical evidence investigating the mechanisms through 
which ambulance diversion might affect patient outcomes, however. We investigated whether 
ambulance diversion affects access to technology, likelihood of treatment, and ultimately health 
outcomes for patients with acute myocardial infarction. We found that patients whose nearest 
hospital experiences significant diversion indeed have reduced access to hospitals with cardiac 
technology. This leads to a 4.6% decreased likelihood of revascularization and a 9.8% increase in 
1-year mortality. Policymakers may consider creating targeted policies to specifically manage 
certain time-sensitive conditions requiring technological intervention during periods of ambulance 
diversion.
Introduction
Ambulance diversion occurs when emergency departments (EDs) are temporarily closed to 
ambulance traffic due to a variety of reasons, such as overcrowding or lack of available 
resources, (1–7) and effectively creates a temporary decrease in ED access. While a few 
studies have found that overcrowding and ambulance diversion are associated with poor 
health outcomes,(8–10), the mechanisms through which diversion affects patients has been 
less well-studied. Proper identification of these mechanisms is critical as policymakers strive 
to implement solutions to improve quality of care for all populations as well as those 
experiencing the poorest outcomes. The potential value of exploring these mechanisms is to 
determine if exceptions to ambulance diversion for a small but extremely sick-yet-
salvageable subset of patients could significantly improve outcomes.
Using 100% of Medicare claims and daily ambulance diversion logs from 26 California 
counties between 2001 and 2011, we investigated the potential mechanisms through which 
ambulance diversion leads to poorer patient outcomes. We analyzed changes in access, 
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treatment, and outcomes when patients were exposed to different levels of diversion. Based 
on the conceptual pathway described below, we performed these analyses to understand the 




In this section, we outline the potential mechanisms through which ambulance diversion can 
affect patient care, net of all the underlying causes. Most of the literature related to 
ambulance diversion focuses on the main cause of diversion: actions that occur at an 
individual hospital as a result of crowding. Overcrowding in one hospital can cause delays in 
receiving treatment. Empirical evidence has documented that overcrowding is associated 
with delays in administering thrombolytics for cardiac patients,(11) antibiotics for patients 
with pneumonia,(12) and pain medication for patients in severe pain.(13) More broadly, 
patients who need ED care during ambulance diversion periods, whether they have to be 
diverted elsewhere or receive treatment within the overcrowded ED, will likely experience 
delays to treatment time (Mechanism A in Appendix 1).(7)
Second, diversion could affect patients through routing them to settings that are less 
equipped technologically to handle complex conditions (Mechanism B in Appendix 1). The 
decreased access to cardiac technology in turn could decrease the likelihood of patients 
receiving needed treatment, and can have a direct consequence on their health outcomes.
Third, it is also possible that patients who need advanced cardiac intervention during 
ambulance diversion periods experience decreased likelihood of receiving treatment even in 
a hospital with cardiac technology capacity (Mechanism C in Appendix 1), if crowding and 
limited resources outstrip the capability of the staff to deploy their technology appropriately. 
Our study therefore explores the potential contribution of these three mechanisms on patient 
outcomes.
Data
Patient data were extracted from 100% Medicare Provider Analysis and Review (MedPAR), 
linked with vital files, between 2001 and 2011. We linked them with the Healthcare 
Provider Cost Reporting Information System and American Hospital Association annual 
surveys to obtain additional hospital-level information.
In order to identify the closest ED for a patient, we supplemented our hospital data with 
longitude and latitude coordinates of the hospital’s physical address or heliport (if one 
existed).(14) We obtained actual driving distance from the patient’s ZIP code centroid to the 
nearest hospital’s latitude and longitude coordinates based on Google Maps, using 
automation codes developed in Stata.(15)
To identify a hospital’s daily ambulance diversion hours, we used daily ambulance diversion 
logs from California local emergency medical services agencies (LEMSAs). Our logs 
contained data for 17 out of the 23 LEMSAs that did not ban diversion for the years of 
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2001–2011 (actual coverage dates vary by LEMSA). The 17 LEMSAs together represented 
26 out of 58 counties and 88% of California’s population.
Patient Population
We identified the AMI population by extracting records between 2001 and 2011 that had 
410.x0 or 410.x1 as the principal diagnosis, as done in previous studies,(8) and indicated 
residence in counties for which we had diversion data. We excluded all patients who were 
not admitted through the ED, as well as patients whose admitting hospital was >100 miles 
away from their mailing ZIP codes, since those patients likely did not reside at their mailing 
address or were admitted to hospitals while away from home. Last, for analysis of 30-day 
readmission, we used a smaller sample that excluded patients who were not eligible to be 
included in the analysis (for example, if a person died during initial admission, they would 
not be able to be readmitted to hospital) per CMS guidelines.(16)
Defining Access, Treatment, and Health Outcomes
We evaluated three dimensions of patient care: access, treatment, and health outcomes. We 
defined access as whether a patient was admitted to a hospital with the following technology 
for AMI (regardless of actual treatment received): cardiac care intensive unit, catheterization 
lab, and coronary artery bypass graft (CABG) surgery capacity.
We defined treatment received as whether a patient received a given procedure, identified 
by the ICD-9 procedure codes on the MedPAR. We examined three common treatments for 
AMI: percutaneous coronary intervention (PCI), thrombolytic therapy, and CABG.
Finally, we analyzed two sets of patient health outcomes: death (whether a patient died 
within X days from his ED admission, where X=30, 90, and 365 days) and readmission to 
the hospital within 30 days of the index discharge.
Defining Levels of Ambulance Diversion
We first calculated the total number of hours an ED was on diversion for a given day. Then, 
we identified the nearest ED on the day a patient suffered an AMI by merging ED diversion 
data with MedPAR, based on the admission date and provider ID of the nearest ED. Finally, 
using previously defined categories of diversion, (8) we classified patients into four 
categories based on the number of diversion hours of their nearest ED on the day of their 
admission: (1) 0 hours (reference group), (2) <6 hours, (3) 6–12 hours (not including 12 
hours), and (4) ≥12 hours.
Statistical Models
We implemented the following multivariate models with the patient as the unit of analysis. 
In all models, the key variables of interest are the three dichotomous variables identifying 
the diversion level of the patient’s nearest ED (no diversion = reference group; <6 hours; 6–
12 hours; ≥12 hours).
We implemented a linear probability model with fixed effects for each ED that was 
identified as the closest ED for each patient (this is equivalent to including indicators for 
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each ED in the model) while controlling for time-dependent variables.(17) Using the 30-day 
mortality outcome as an example, the three diversion variables capture differences in the 
percent of AMI patients who die within 30 days when their nearest ED is in normal 
operation (i.e., no diversion) and when the same ED experiences different levels of diversion 
(i.e., the same ED crosses over to a higher level of diversion). By using each ED as its own 
matched control, we can eliminate any underlying differences across EDs,(18) such as 
possible differences in baseline diversion levels, baseline mortality rates, quality of care, 
case-mix of the patient population, or other unobserved characteristics that might be 
confounded with the outcomes.(19)
In all models, we controlled for patient demographics, specifically 5-year age groups, 
gender, minority and other non-white race, as well as 22 comorbid measures based on prior 
work.(20) We also included year indicators to capture the macro trends and took into 
account the hospital organizational characteristics of the admitting hospital, such as hospital 
ownership (for-profit, government), teaching status, size (measured by log transformed total 
inpatient discharges), occupancy rate, system membership, and Herfindahl index to capture 
the competitiveness of the hospital market within a 15-mile radius (0 being perfectly 
competitive and 1 being monopoly).
Model 1 described above captures the net effect of ambulance diversion (without 
differentiating the three mechanisms described in the conceptual model and Appendix 1) on 
the dependent variables. For treatment outcomes, we estimated an additional model (Model 
2) that controlled for cardiac technology access. Results from these two models allowed us 
to evaluate the relative contributions of Mechanisms B and C on treatment received.
For mortality outcomes, we estimated an additional model (Model 3) that controls for both 
cardiac technology and actual treatment received. This final model allows us to control for 
contribution of Mechanisms B and C on patient outcomes and to attribute residual effects to 
Mechanism A.
Limitations
Our results should be interpreted in light of several limitations. First, our diversion data is 
self-reported by LEMSAs, so there is potential for errors and reporting bias. Given that it 
was directly obtained from the online reporting systems used by the LEMSAs, however, we 
believe the potential for significant bias is minimal.
Second, our patient data identify date but not time of admission. In addition, some patients 
can still be brought into an ED under exception even if the ED is already on diversion. 
While we cannot verify with absolute certainty that a patient was diverted, it is reasonable to 
assume that there is a negative relationship between the number of hours an ED is on 
diversion and the probability that a patient is admitted to this ED. In addition, our conceptual 
framework and hypotheses are based on the assumption that diversion can affect both 
diverted and non-diverted patients. Nonetheless, it is important to recognize that the inability 
to clearly identify the diverted and the non-diverted patients in our analysis implies that 
what we observe is the net effect of ambulance diversion. Because overcrowding is the main 
cause of ambulance diversion, we cannot separate out the differences in outcome that are 
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purely due to overcrowding or purely due to diverted ambulances. This limitation also 
introduces measurement errors that may cause attenuation bias in our results, so that the 
estimated magnitude we observe is likely conservative relative to the true magnitude.
Third, we identify the nearest ED for each patient based on the longitude and latitude 
information of the patient’s ZIP code center and the hospital’s location. Two patients from 
the same ZIP code might have very different distances to the same ED. We believe the 
problem is minimized for our sample because most ZIP codes with adequate numbers of 
patients where we have available diversion logs are in densely populated Metropolitan 
Statistical Areas (according to Census data, 95% of CA population reside in urban areas). 
The imprecision in matching patients to their closest ED introduces measurement errors in 
our diversion indicators and likely makes our estimated results conservative.
Fourth, there is the possibility that the patient’s AMI did not occur at the patient’s ZIP code. 
Approximately 80% to 85% of AMIs, however, have been shown to occur at home.(21, 22) 
In addition, we are not aware of any empirical evidence to suggest that there would be any 
systematic misclassification in either direction across the diversion levels to bias our results. 
With the exclusion criteria we imposed in selecting our sample, we believe that this 
limitation should not affect our analysis.
Finally, our dataset was limited to Medicare beneficiaries in one state, so the results of our 
study may not be generalizable nationwide to patient populations under the age of 65 years. 
California, however, is a large and diverse state representing 12% of the U.S. population.
Results
Exhibit 1 illustrates the percent of patients who experienced diversion over time in our entire 
dataset. We plotted the trend separately for Los Angeles County and the rest of California, 
because LA has a much higher level of diversion and stopped providing diversion data after 
2007. In general, we observe decreasing trends in diversion, which is consistent with county 
initiatives to decrease diversion. It is important to note that in our multivariate analysis, 
differences in level of diversion are being controlled for by the fixed effects, and that the 
regression compares differences in outcomes across diversion levels WITHIN each ZIP 
code.
Our final sample included 28,683 patients for our main analysis and 22,058 patients for the 
readmission analysis. Exhibit 2 (first row) shows that 14,628 patients (51%) experienced no 
diversion at their nearest ED on their day of admission; for 7173 patients (25%), their 
nearest ED was on diversion for <6 hours; for 4207 patients (15%), their nearest ED was on 
diversion for 6–12 hours; and finally for 2675 patients (9%), their nearest ED was on 
diversion for ≥12 hours of diversion. The rest of Exhibit 2 shows patient distribution for 
each diversion level. A notable difference in patient demographics across the diversion 
levels is that a larger proportion of non-white patients experienced a high level of diversion: 
among the patients in the ≥12 hours diversion category, 20% were nonwhite, while only 
15% were nonwhite among patients who experienced no diversion (compared to 72% vs. 
78% for their white counterparts). We observe this pattern for all non-white patients (black, 
Shen and Hsia Page 5









Hispanic, and other non-white races). At the hospital-level, more patients were admitted to 
not-for-profit and fewer to teaching hospitals during periods of high diversion. Complete 
descriptive statistics of all patient characteristics are available in Appendix 2.
Exhibit 3 presents results based on Model 1. We found that patients exposed to the highest 
level of diversion (≥12 hours) have worse access to cardiac technology——by −2.57 
percentage points for access to cardiac care intensive unit (p<0.05) compared with patients 
who were admitted on a day with no diversion, by −2.67 percentage points for access to 
catheterization lab (p<0.01), and by −2.30 percentage points for access to CABG facilities 
(p<0.01). Without controlling for hospitals’ cardiac technology, we observe decreased 
likelihood of receiving catheterization/PCI by −2.37 percentage points (p<0.05) and 
increased 90-day and 1-year mortality (by 1.83 and 2.83 percentage points, respectively, 
p<0.05). To put the coefficient’s magnitude in perspective, the baseline rate for receiving 
cath/PCI is 51%. A decrease of 2.37 percentage points represents a 4.6% reduction. 
Likewise, the baseline 1-year mortality rate is 29%. A 2.83 percentage point increase from 
this baseline rate represents a 9.8% increase in mortality.
The middle panel in Exhibit 4 shows the regression results based on Model 2, which 
investigates the relationship between diversion and probability of receiving cardiac 
treatments when patients have comparable access to cardiac technology. We found no 
difference in the probability of receiving catheterization/PCI, thrombolytic therapy, or 
CABG once we control for cardiac technology availability. This result suggests that 
decreased likelihood of receiving catheterization/PCI is driven by the lack of physical access 
and not by other resource constraints.
The results for health outcomes from Model 3 are shown in the third panel, where the patient 
outcomes are shown after hospital capability and treatment received are controlled for in the 
regression. We still observe that high levels of diversion are associated with an increased 1-
year mortality rate by 2.38 percentage points (p<0.01), representing an 8.2% relative 
increase in mortality, when we compare patients across the diversion categories with 
comparable technology access and treatment patterns. We do not observe significant 
differences in other health outcomes.
Discussion
Our study provides a unique look at the mechanisms that explain the effect of ambulance 
diversion on outcomes. Our multivariate results indicate that patients are more likely to get 
admitted to hospitals with worse access to cardiac care technology when their nearest ED is 
on diversion. The lack of physical access to the technology is associated with a 4.6% relative 
reduction in the likelihood of catheterization/PCI, and a 9.8% increase in 1-year mortality.
At the same time, we also found that while ambulance diversion was not independently 
associated with decreased likelihood of receiving treatment when we controlled for a 
hospital’s available technology, patients admitted during periods of high diversion still 
experienced a statistically and clinically significant increase (8.2% relative increase) in long-
term mortality. To place the magnitude of this effect size in context, very few 
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pharmacological or clinical interventions have been proven to be associated with long-term 
outcomes such as mortality to such an extent.
Taken together, our results suggest that by directing patients to technologically appropriate 
facilities, we can potentially improve their probability of receiving necessary interventions 
even if the ED faces other resource constraints. But we also recognize that the improved 
access does not completely obliterate the disparity in health outcomes across diversion 
levels. The residual increase in 1-year mortality when we compared patients with 
comparable technology access and likelihood of receiving treatment, therefore, most likely 
points to the effects of delays and decreased quality of care as the result of overcrowding, as 
shown by other literature.
We recognize that the root cause of ambulance diversion is ED overcrowding, and strategies 
aiming to reduce overcrowding will also reduce the negative outcomes associated with 
ambulance diversion. Our findings suggest that, in light of the existing overcrowding that 
the ED system currently faces, it may be beneficial for local health systems to create policies 
to recognize that patients suffering from certain conditions such as acute myocardial 
infarction, which has been shown to benefit from revascularization, should still be 
guaranteed access to hospitals that are capable of delivering necessary interventions. This 
might be applied to other time-sensitive conditions that benefit from technological 
intervention, such as acute stroke or trauma. Such policies have been implemented for 
patients with severe trauma for this very reason, so that even when a hospital that is a trauma 
center is technically on diversion, exceptions are made for trauma patients.
Not all emergency conditions, however, require technological interventions (for example, 
patients with stable coronary disease(23)), and these patients may not suffer inferior 
outcomes due to barriers to technology. We also recognize that this policy would not 
completely eliminate the disparities in health outcomes among cardiac patients experiencing 
different levels of diversion, since delay in treatment is still an important factor influencing 
patient outcomes. It is, however, one potential way to reduce disparities under resource 
constraints. These policies should be carefully crafted based on evidence demonstrating 
benefit from technologically appropriate interventions. Ultimately, the most effective 
policies would be ones that resolve the underlying problems of resource constraints that 
contribute to ambulance diversion.
Conclusion
Our study shows that patients whose nearest hospital experiences significant diversion have 
poorer access to hospitals with cardiac technologies, which leads to a lower likelihood of 
receiving treatment with revascularization, and increased mortality. Policies that allow 
exceptions to a hospital’s ambulance diversion for cardiac conditions that have been shown 
to benefit from technological intervention may be one way to improve outcomes when 
resources are limited.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Percent of patients experiencing diversion in CA counties reporting ambulance diversion: 
2001–2011.
Source: Authors’ tabulation of CA daily ambulance diversion data and American Hospital 
Association Annual Surveys.
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Exhibit 2
Descriptive statistics of selected patient and hospital characteristics, by diversion level.
Nearest ED was
not diverted on the
day of admission
Nearest ED's exposure to diversion on the
day of admission
<6 hours [6–12) hours ≥12 hours
Number of patients in each diversion category 14628 7173 4207 2675
% or Mean % or Mean % or Mean % or Mean
Patient demographics
  Male 51% 50% 50% 48%
  Female 49% 50% 50% 52%*
  White 78% 73%* 74%* 72%*
  Non-white 15% 17%* 17%* 20%*
    Black 5% 5% 6% 7%*
    Hispanic 5% 6% 5% 7%*
    Other non-white race 4% 6%* 5%* 6%*
  Age distribution
    65–69 15% 13%* 13%* 15%
    70–74 16% 16% 15% 16%
    75–79 18% 18% 19% 20%
    80–84 20% 21% 21% 21%
    85+ 30% 31% 31% 29%
Other admission hospital characteristics
  Not-for-profit 69% 68% 69% 72%*
  For-profit 19% 21%* 21%* 20%
  Government 13% 11%* 10%* 8%*
  Teaching hospital 11% 11% 12%* 8%*
  Member of a system 74% 68%* 68%* 66%*
  Admitted to closest ED 51% 48%* 46%* 45%*
  Mean total beds in hospital 268 280* 295* 286*
  Mean occupancy rate 0.68 0.68 0.70* 0.70*
  Mean HHI index 0.19 0.12* 0.09* 0.10*
Note:
*Group mean is statistically different from the reference group (no diversion) at p<0.05. Complete descriptive statistics of other patient and 
hospital characteristics are in Appendix 2.
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